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[wherein is acyl; 

r2 is hydroxy or acyioxy; 
r2 is hydrogen or hydroxy; 

is hydrogen or hydroxy, 
R^ is hydrogen or hydroxysulfonyloxy: and 
R® is hydrogen or carbanroylj 



2 



EP0885 957A1 



Description 



TECHNICAL RELD 

The Dresent invent! n relates to enzyme technology. ^ . ^ ,- , ^4;^« 

S^entl^l^tntion relates to a novel acylase capaWe of deacylating the acyl SKie chain of a cychc l.popeptde 
rnmnound and to a deacylation method using the same. . ^ • « e.*^^«r^^« 

Tci^irticularly, the invention relates to a novel acylase adapted to deacylate the acyl sde cha.n of Sub^-^ 
FR90^r35JTdescribed in Japanese Kokai Tokkyo Koho H3-184921), which is produced by the microofBamsm CalKt 
S i F m99TFEBM BP-2635). or an analog of Substance FR901379 and to a deacylaton method using the 

same. 

BACKGROUND ART 

There has been a standing need for an acylase capable of deacylating the acyl side chain of a cyclic llpopeptide 
compound, specifically said Substance FR901379 or analog, with good efficiency. 

DISCLOSURE OF THE INVENTION 

The inventors of the present invention did an extensive research In search of a novel acylase «Pf « ^Jf ^^^^^^J"^ 
the acvt ^de chain of a cyclic lipopeptide represented by Substance FR901 379 or its analogs sudi as E«^"««ndm B 
Sreadn A AS a r^ult. ttWdiscovered an acylase produced by SlrfiBtem^ amMfi and succe«led in effec- 

25 erence to their salient features. ^_^.;k^ 
Pir«;t ttie cvclic llDOpeptide acyiase-producing miCTOorganism is descrioea. 
SnyeSnc??S«deayasepmdudng microorganism indude^ 

No.^11 SLiSallfiNo.8703.andSttfi^^ 

ThP rharacteristics of those Strains are now described. ,^ . ^ x j 

so yenSyS£)peptideacytase^ra^^^^ 

to bS aTiaTn No^1 ^1 was isolated for the f irst time from a soil sample collected in Fukushima Prefecture. TTie 
bacteriological characteristics of this Strain No 4811 are now described. 
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Cultural Characteristics 

The cultural *aracteristics of Strain No. 4811 on yeast exlracl-malt extract ^S^^^^^^^l^^^^- '"^"c^^ 
starch agar glycerin-asparagine agar, peptone-yeast extract-iron agar, and tyrosine agar after incubation ^30 Cfor 14 
Sdt^S andSannlng ele*^^ 
SSr dlsaipt^ns given below correspond to the nome^^^^ 

London, 1978. 



Table 1 



Cultural characteristics of Strain NO. 481 1 


Medium 


Cultural characteristics 


Yeast extract-malt extract agar (ISP-2) 


G:good 

A: abundant, yellowish gray (2B2) 
R: brown (7F4) 
S: scanty, brown 


Oatmeal agar (lSP-3) 


G: good-moderate 

A: abundant, yellowish gray (2C3) 

R: brown (7F4) 

S: trace, brown 



3 



25 



EP0 885 957A1 

Table 1 (continued) 



Cultural characteristics of Strain NO, 481 1 


Medium 


Cultural characteristics 


Inorganic salts-Starch agar (iSP-4) 


G:good 

A: abundant, yellowish gray (2C3) 
R: yellowish brown (5E4) 
S: none 


Glycenn-asparagine agar (lSP-5) 


G:good 

A: abundant, yellowish gray {2C3) 
R: brown (6E4) 
S: none 


Peptone-yeast extract-iron agar (ISP-6) 


G: moderate 
A: poor, white 
R: light brown (6D5) 
S: none 


Tyrosine agar (ISP-7) 


G; moderate 

A: moderate, yellowish gray (2B2) 
R: brown (7F4) S: none 


"codes: G: growth, A: aerial mycelium, R: reverse side color. S: soluDie ptgmem 



The color of the aerial mycelium was yellowish gray to greenish gray, the reverse side color of growth was yellowish 

sensitive. No melanoid pigments were produced. 
Physiological Characteristics 

The physiological characteristics of Strain No. 481 1 are summarized in Table 2. 
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Table 2 
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Physiological characteristics of Strain No. 
4811 


Test item 


Result 


Temperature range for growth 




Liquefaction of gelatin 


+ 


Coagulation of milk 


± 


Peptonization of milk 




Hydrolysis of starch 


+ 


Production of Melanoid pigments 




Carbon utilization: 




D-glucose 


+ 


L-arabinose 


+ 


D-xylose 


+ 


Inositol 




Mannitol 


+ 


D-fructose 


+ 


L-rhamnose 


± 


Suaose 




Raffinose 




+ : positive, ±: weakly positive. -: negative 
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Thevegetative mycelium of SHain No. 4811 developed well and branched iTegulariybut notftagmen ed,T^eaenal 
rnvrlhumSfrSng from the vegetath^e mycelium branched monopodlally to form elongated spore chains The spore 
SnXphooCofraerl^^ 

cStoTpridham et ^. (Pridham. T G. et al.: Appl. Microbiol.. fi:54. 1958). Each spore oham_cons.^«l of 20 or more 
5o^ Th^pores were smooth-surfaced (glabrous) arKi cylirKirlcal. The spore s«e was 0.5-0.7 x 0.7-1.1 urn. 
None of sderotium, sporangium, and zoospore was observed. 

Cell Wall Type 

As to the cell wall amino add composition, the whole-cell lysate was analyzed by the method 
IB.Z b M P Lechevalier. R. E. Gordon and H. A. Leche^ier: Rapid differentiation '^^'f " ^^saja and^ 
o.Ses b^ paper chromatography of whole-cell hydrolysates: Appl. Microbiol.. 12:421-423, 1964)and the ".ethc^of 

Snn ichi. T.:^omSrison of the cell wall composition of '^'^Photogioally dfetinct^ct-nom^^^ 
2 ^444^53 1965). The result Indicated the existence of LL-dlaminopimelic acd. Therefore, the cell wall of ttus 

on"me'£!e S^fphScal observation and chen^cal analy^s. Strain No. 481 1 was con^der^o belong 
.n ,hP nlmis Sfri^yc^ a^ordlng to the taxonomic classification of Pridham et al. (Pridham, T. G. et al: Appl. Micrc^ 
So? 6 S 'SSfng'She *aracterislics of this strain were compared with those ^^§i^SQtem^^e^^^^^^^ 
Se crlS'inSliterature. n Jnely Shirling et al. (Shirling. E. B. and D. Gottlieb: Cooperatve Descnpfion <J Type Culture 

2 species desaiptionsfromflrst study, lntem.J.Syst.Bacteriol.. 1fi:69-189 
D ISSera«ve Description of Type Culture of SJESBtsacySSS. 3. Addrtional spec.es descnpt.ons from first ar^ 
D. Gottlieb. oooperaweu« ^ .g-g. g^^^^ g q and D. Gottlieb: Cooperative Descnpbon of 

T^,o?fi9 ilelfsSSet r^kerman, V. B.. V. McGowan and R H. A. Snealh: Approved Ust of Bacteral 
Smel AmeLed E^^^^^^^ 
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IS 



E P. Cato and L V, H. Moore: Index of Bacterial and Yeast Nomencuttural Changes. American Society for Microbiology. 
Washington D. C. 1992). The conparison indicated that the characteristics of RtrflPtPmyces aoulatUS so described 
were substantially' identical to the characteristics of this strain. Accordingly, this Strain No. 481 1 was identified as StCSt 
tomvces anulatus and named Streptomyces gnul^tus Na 481 1 . 

This Rtreotomvces anulatus No. 481 1 was originally deposited with National Institute of Bioscience and Human 
Technology (NIBH, V3. Higashi 1^me, Tsukuba-shi, IbaraW. Japan) (ZIP code 305) on December 27. 1995 under 
the accession nuniber of PERM P-15377 and subsequently converted to deposit according to the Budapest Treaty as 
of February 3, 1997 under the accession number of PERM BP-5808. 

The novel cyclic lipopeptide acytase-producing strain named Streptomyces amMlS No. 8703 (herein after refen-ed 
to briefly as Strain No. 8703) was isolated for the first time from a soil sample collected in Fukushima Prefecture. The 
bacteriological characteristics of this Strain Na 8703 are now described. 

Cultural Characteristics 

The cultural characteristics of Strain No. 8703 on yeast extract-malt extract agar, oatmeal agar, inorganic safts- 
starch agar glycerin-asparagine agar, peptone-yeast extract-iron agar, and tyrosine agar after incubation at 30''C for 1 4 
days and the light and scanning electron microscopic observations of the respective growths are summarized in Table 
3. The color descriptions given below correspond to the nomenclature defined in Methuen Handbook of Colour, Meth- 
uen. London, 1978. 



Table 3 
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Cultural characteristics of Strain No. 8703 


Medium 


Cultural characteristics 


Yeast extract-maH extract agar (ISP-2) 


Gigood 

A: abundant, yellowish gray (2B2) 
R: gray brown (5F4) 
S: none 


Oatmeal agar(ISP-3) 


G: moderate 

A: abundant, yellowish gray (2C3) 
R; gray brown (4C4) 
S: none 


Inorganic salts-starch agar (ISP-4) 


G:good 

A: abundant, yellowish gray (2C3) 
R:dark gray(1F6) 
S: none 


Glycerin-asparagine agar (lSP-5) 


G:good 

A: abundant, yellowish gray (2C3) 
R: olive brown {4E5) 
S: none 


Peptone-yeast extract-iron agar (ISP-6) 


G: moderate 

A: poor, white 

R: yellowish brown (5D5) 

S: none 
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Table 3 (continued) 



Cultural characteristics f Strain No. 8703 


Medium 


Cultural characteristics 


Tyrosine agar (ISP-7) 


G: nxxJerate 

A: moderate, yellowish gray (2B2) 
R: brown (7F4) 
S: none 


Codes: G: g-owth. A: aerial nnyceliunn. R: reverse side color, S: soluiDle pigment 



The color of the aerial mycelium was yellowish gray to greenish gray, the reverse side color of growth was yellowish 
75 brown to brown, the soluble pigment was light brown, and neither intracellular pigments nor soluble pigments were pH- 
sensitive. Melanoid pigments were produced in tryptone-yeast extract broth, peptone-yeast extract-iron agar, and tyro- 
sine agar. 

Physiological Characteristics 

20 

The physiological characteristics of Strain No. 8703 are summarized in Table 4. 



Table 4 



25 


Physiological characteristics of Strain No. 
8703 




Test item 


Result 




Temperature range for growth 


4.0-35.0''C 


30 


Liquefaction of gelatin 


+ 




Coagulation of milk 


+ 




Peptonization of milk 


+ 


35 


Hydrolysis of starch 
Production of Melanoid pigments 


+ 




Carbon utilization: 






D-glucose 


+ 


40 


L-arabinose 


+ 




D-xylose 


+ 




Inositol 




45 


Mannitol 


+ 




D-fructose 


+ 




L-rtiamnose 






Sucrose 




50 


Raffinose 






-k: positive. ±: weaWy positive, -: negative 



This strain did not utilize inositol, sucrose, and raffinose. It peptonized milk. The temperature range for growth was 
4.0-35'C. 

The vegetative mycelium of Strain No. 8703 was developed well and branched irregularly but was not fragmented. 
The aerial mycelium extending from the vegetative mycelium branched monopodially to form elongated spore chains. 
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' ^ ■ ^h«i.v,unf the aerial mvcelium was straighHIexuous,^^^ RF type according to 

The spore chain morphol^^^^^ chain consisted of 20 

sclerotium. sporangium, and zoospore was observed. 
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Cell Wall Type 

SSn nS Jl FkR^^^^^^ and' subsequently converted to depas« acconling to the Budapest Treaty as of 

ter iological characteristics of this Strain No. 6907 are now described. 
Cultural Characteristics 

don, 1978. 



Tables 



Guttural characteristics of Strain No. 6907 


Medium 


Cultural characteristics 


Yeast extract-mah extract agar (ISP-2) 


G: good 

A: abundant, yellowish gray (white4A2) 
R: grayish orange (5B6) 
S: none 
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Table 5 (continued) 
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Cultural characteristics of Strain No. 6907 


Medium 


Cultural characteristics 


Oatm al agar (ISP-3) 


G: moderate 

A: abundant, bluish gray (22C2) 
R: light brown (4D4) 
S: none 


Inorganic salts-starch agar (iSP-4) 


G: good 

A: abundant, bluish gray (19C2) 
R: brown (6F4) 
S: none 


Glycerin-asparagine agar (ISP-5) 


G: good 

A: abundant, bluish gray (22B2) 
R: reddish brown (8E4) 
S: none 


Peptone-yeast extract-iron agar (ISP-6) 


G: moderate 
A: none 

R: grayish brown (9F3) 
S: dark brown 


Tyrosine agar (ISP-7) 


G:good 

A: moderate, yellowish white (4A2) 
R: dark magenta (13F3) 
S: dark brown 


Codes: G: growth. A: aerial mycelium, R: reverse side color. S: soluble pigment 



The color of the aerial mycelium was yellowish gray to bluish gray, the reverse side color of growth was light brown 
to brown. a«d the irttracellular pigments were not pH-sensitive. Melanoid pigments were produced m tryptone-yeast 
extract brotR, peptone-yeast extract-iron agar, and tyrosine agar. 

Physiological Characteristics 

The physiological characteristics of Strain No. 6907 are summarized in Table 6. 



so 
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Tables 



Physiological characteristics of Strain No. 
6907 


Parameters 


Findings 


Temperature range for growth 


e.O-AO.CC 


Uquefaction of gelatin 


+ 


Coagulation of milk 


+ 


Peptonization of milk 


- 


Hydrolysis of starch 


+ 


production of Melanoid pigments 


+ 


Carbon utilization: 




D-glucose 




L-arabinose 


+ 


D-xylose 


+ 


Inositol 


+ 


Mannitol 


+ 


D-fructose 


+ 


L-rhamnose 


+ 


Sucrose 


+ 


Raffinose 


+ 


+: positive. ±: weakly positive. •: negative 



This strain utilized all the carbon sources tested. H did not peptonize milk The temperature range for growth was 

9.0-40.0'*C. ^ ^ ^ -r*. 

The vegetative mycelium of Strain No. 6907 developed well and branched in'egularly but was not fragmented. TTie 
aerial mycelium extending from the vegetative mycelium branched monopodially to form elongated spore chains. TTie 
spore chain mat{)hology of the aerial mycelium was straight-flexuous or incomplete loops, thus belonging to the RF or 
RA type according to the classification of Pridham et al. (Pridham. T G. et al.: Appl. Microbiol., 6:54. 1958). Each spore 
chain consists of 20 or more spores. The spore is smooth-surfaced and cylindrical. The spore size is 0.5-0.7 x 0.7-1 .3 
\im. None of sclerotium, sporangium, and zoospore was obsen^ed. 



Cell Wall Type 

As to the cell wall amino acid composition, the whole-cell lysate was analyzed by the method of Becker et al. 
(Becker B., M. P Lechevalier. R. E. Gordon and H. A. LechewJier: Rapid differentiation between Nocardia and SlCfith 
^omvces by paper chromatography of whole-cell hydrdysates: Appl. Microbiol., 12:421-423. 1964) and the method of 
Yamaguchi (Yamaguchi. T: Comparison of the cell wall composition of morphologically distinct actinomycetes: J. Bac- 
teriol.. 89:444-453. 1 965). The analysis indicated the existence off LL-diaminoptmelic acid. Therefore, the cell wall of this 
strain was considered to be of Type I. u . 

Based on the above morphological observation and chemical analysis, Strain No. 6907 was considered to belong 
to the genus fitreptomvces according to the taxonomic classKication of Pridham et al. (Pridham, T G. et al: Appl. Micro- 
biol § 54 1958). Accordingly, the characters of this strain were compared with those of gtrgptpmyc^ species as 
described in the literature, namely Shirting et al. (Shirling. E. B. and D. Gottiieb: Cooperative Description of Type Culture 
of Rtrmiomvces . 2. Species descriptions from first study. Intern. J. Syst. Bacteriol., 1fi:69-189. 1968; Shirling, E. B. and 
D Gottlieb- Cooperative Description of Type Culture of Strerrtomvces. 3. Additional species descriptions from first and 
second studies. Intern. J. Syst. Bacterid.. 18279-392. 1968; Shirling. E. B. and D. Gottlieb: Cooperative Description of 
Type Culture nf Rtre ptomvces . 4. Species descriptions from second, third and forth studies, Intern. J. Syst. Bacteriol.. 
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1^:391-512, 1969); Skerman et ai, (Skerman. V. B., V. McGowan and P. H. A. Sneath: Approved List of Bacterial 
Names. Amerxled Editi n. American Society for Microbiology, Washington D. C 1989); and Moore et al. (Moore, W .E., 
E. R Cato and L V. H. Moore: IrxJex of Bacterial and Yeast NomencuKural Changes, American Society for Microbiology, 
Washington D. C, 1992). The comparison failed to indicate a species to which the strain could be identified and, there- 
fore, this strain was named Streotomvces sp. No. 6907. 

This Streotomvces sp. No. 6907 was originally deposited with National Institute of Bioscience and Human Technol- 
ogy (NIBH, 1-3. Higashi 1-chome. Tsukuba-shi, IbaraW, Japan) (ZIP code 305) on Maxh8. 1996 under the accession 
number of PERM P-15506 and subsequently converted to deposit according to the Budapest Treaty as of February 3, 
1997 under the accession number of PERM BP-5809. 

The term "cyclic lipopeptide conpound" as used in this specification means a compound having a polypeptkle ring 
and, on said ring, a side-chain "acylamino" group, optionally with or without one or more other side chains. 

Substance PR901379. which is a representative example of said "cyclic lipopeptide compound", is a known anti- 
fungal substance produced by the microorganism Coleoohoma sp. F-1 1899 (PERM BP-2635) (described in Japanese 
Kokai Tokkyo Koho H3-1 84921) and having the following chemical formula [la]. 




The "Substance FR901379 anak>g" means a compound of the following general formula [Q or a salt thereof, 
[wherein R^sacyl. 

r2 is hydroxy or acyloxy. 

R^ is hydrogen or hydroxy. 

R^ is hydrogen or hydroxy, 

R^ is hydrogen or hydroxysulfonyloxy. and 

R^ is hydrogen or cart>amoyl.J 

The novel cyclic lipopeptide acyiase of the present invention is an acylase derived from a strain of microorganism 
of the genus Streptomvces which is capable of deacylating the side chain "acylamino" groxjp of said cyclic lipopeptide 
compound to an "amino" group. Specifically, it is an acylase which deacylates the palmitoyi side chain of substance 
PR901379 or a salt thereof or the acyl side chain of said Substance FR901379 analog of general formula [I] or a salt 
thereof to specifically produce a conrpound of the following chemical formula [lla] (Substance PRI 79642) or a salt 
thereof: 
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HO OH 
HO 0 \ ( 

HO Ne=rO HN OH 



W V o=/>:h. 




[Ilal 

or an FR179642 analog of the following general formula [11]. Inclusive of Substance FR179642). or a salt thereof. 

r3 oh 




[in 



[wherein R^. R^, R", R^ and R^ are the same groups as respectively defined herein before.] 

The preferred salts of compounds [H and [II] are nontoxic mono- or di-salts of the conventional Wnds. Thus, metal 
salts such as alkali metal salts (e.g. sodium salt, potassium salt. etc.). alkaline earth metal salts (e.g. calcium satt. mag- 
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nesium salt, etc.). ammonium sah. salts with organic bases (e.g. trimethylamine salt, triethylamine salt, pyridin salt, 
picoline salt dicyclohexylamine salt. N.N'-dibenzylethylenedlarrtne salt, etc.), organic ackJ addition salts (e.g. formate, 
acetate, trifluoroacetat . maleate. tartarate. methanesulfonate, benzenesulfonate. toluenesulfonate, etc.). inorganic 
acid addition salts (e.g. hydrochloride, hydrobromide, hydroiodide. sulfate, phosphate, etc.). and salts with amino adds 
(e.g. arginine, aspartic acid, glutamic acid, etc.) can be mentioned. 

The preferred lower alkyl" is a straight-chain or branched alkyi groups of 1*6 carbon atom(s). such as methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl. tert-butyl, pentyl. isopentyl, and hexyl. Among them, alkyl groups of 1 -4 carbon 
atom(s) are prefen-ed and methyl is particularly preferred. 

The prefen-ed "higher alkyl" includes straight-chain or branched alkyl groups of 7-20 carbon atom(s). such as hep- 
tyl. odyl. 3.5-dimethyloctyl. 3 J-<£methyloctyl. nonyl. decyl, undecyl. dodecyl. tridecyl, tetradecyl. pentadecyl. hexade- 
cyi. heptadecyl. octadecyl. nonadecyl. and eicosyl. The preferred "lower alkoxy" includes straight-chain or brarKhed 
groups such as methcxy. ethoxy. propoxy, isopropoxy, butoxy. isobutyl, tert-butoxy. pentyloxy, tert-pentyloxy. neo-penty- 
loxy, hexyloxy, and isohexyloxy. 

The preferred "higher alkoxy" includes straight-chain or branched groups such as heptytoxy. octyloxy. 3,5KJimethy- 
loclyioxy. 3.7-dimethyloctyloxy, nonyloxy, decyloxy, undecyloxy, dodecyloxy, tridecyloxy, tetradecyloxy. hexadecytoxy, 
heptadecyloxy, octadecyloxy. nonadecyloxy, and eicosyloxy. 

The preferred "aryl" includes phenyl optionally having lower alkyl (e.g. phenyl, mesityl. tolyl, etc.), naphthyl and 
anthryl, and the like. 

The preferred "acyf" moiety in the term of "acylamino" or "acyl" group includes aliphatic acyl. aromatic acyl. hetero- 
cyclic acyl. aryl-substituted aliphatic acyl, and heterocydic-substiluted aliphatic acyl derived from carboxylic acids, car- 
bonic acids, cartjamic acids, and sulfonic acids. 

The preferred "acyl" includes lower alkanoyf (e.g. formyl, acetyl, propionyl, butyryl, isobutyryl. valeryl, hexanoyl. 
pivaloyl. etc.) which may have one or more (preferably 1-3) suitable substituent(s) such as aryl (ag. phenyl, naphthyi. 
anthryl.' etc.) which may have one or more (preferably 1-3) suitable substituent(s) such as halogen (e.g. fluoro, chtoro. 
bromojodo. etc.), hydroxy, said higher alkoxy. said aryl. etc.; said lower alkoxy; amino; protected amino [preferably 
acylamino such as lower alkDxycartx)nylamino (e.g. methoxycarbonylamino. ethoxycarbonylamino. propoxycarbo- 
nylamino. butoxycarbonylamino. lert-butoxycartwnylamino, pentyloxycarbonylamino. hexyloxycarbonylamino, etc.). 
etc.); di(lower)alkylamino (e.g. dimethylamino. N-methyiethylamino. diethylamino, N-propybulylamino. dipentylamino. 
dihexylamino. etc.); lower alkoxyimino (e.g. methoxyimino. ethoxyimino, propoxyimino. butoxyimino. tert-butoxyimino. 
pentyioxyimino. hexylcxyimino, etc.); ar{lower)a!koxyimino (e.g. benzyloxyimino. phenethyloxyimino, benzhydryksxy- 
imino, etc.) such as phenyl(lower)aIkDxyimino which may have one or more (preferably 1 -3) suitable substituent(s) such 
as said higher alkoxy; heterocyclicthio (preferably pyridylthio) which may have one or more (preferably 1-3) suitable 
substituent(s) such as higher alkyl (e.g. heptyl, octyl. 2-ethythexyl, nonyl, decyl, 3.7-dimethyIoctyl, undecyl. dodecyl. tri- 
decyl. tetradecyl, pentadecyl, 3-methyl-10-ethyldodecyl, hexadecyl. heptadecyl. octadecyl, nonadecyl. eicosyl. etc.); 
and heterocyclic group (e.g. thienyi. imidazolyl, pyrazolyl, furyl, tetrazolyl. thiazolyl, thiadiazolyl. etc.) which may have 
one or more (preferably 1-3) suitable substituent{s) such as amino, said protected amino, said higher alkyl. and the 
like.: 

•» 

higher alkanoyl (e.g. heptanoyl, octanoyi, nonanoyi, decanoyl, undecanoyl. lauroyi, tridecanoyl. myristoyl. pertade- 
canoyl, palmrtoyl, 10.12-<Jimethyltetradecanoyl. heptadecanoyi, stearoyi, nonadecanoyl. eicosanoyl, etc.); 
lower alkenoyi (e.g. acryloyi, methacrytoyi, crotonoyt. 3-pentenoyl. 5-hexenoyl. etc.) which may have one or more 
(preferably 1-3) suitable substituent(s) such as said aryl optionally having one or more (preferably 1--3) suitable 
substituent(s) such as said higher alkoxy, etc.; 

higher alkenoyi (e.g. 4-heptenoyt. 3-octenoyl. 3,6-decadienoyl. 3.7.1 1-trimethyl-2.6.10-dodecatrienoyl, 4.10-hepta- 
decadienoyl, etc.); 

lower alkoxycarbonyl (e.g. methoxycarbonyl. ethoxycaibonyl. propoxycarbonyl, butoxycarbonyl. t-butoxycarbonyl. 
pentyloxycarbonyl, hexyloxycarbonyl. etc.); 

higher alkoxycarbonyl (e.g. heptyloxycarbonyl. octyloxycarbonyl, 2-ethylhexyloxycarbonyl. nonyloxycarbonyl, decy- 
loxycarbonyi, 3.7-dimethyloctylaxycartK)nyl. undecyloxycartx)nyl. dodecyloxycarbonyl. tridecyloxycarbonyl. tetra- 
decyioxycarbonyl, pentadecytoxycariDonyl, 3-methyl-10-ethykiodecyloxycart)onyl, hexadecyloxycarbonyl, 
heptadecyloxycarbonyl, ocladecyloxycarbonyl. nonadecyloxycarbonyl, eicosyloxycarbonyl. etc.); 
aryloxycarbonyl (e.g. phenoxycarbonyl, naphthyloxycarbonyl. etc.); 
arylglyoxyloyi (e.g. phenylglyoxytoyl. naphthylglyoxyloyl, etc.); 

ar(!ower)alkDxycarbonyi which may have one or more suitable substituent(s). for example phenyl(iower)alkoxycar- 
bonyl which may have nitro or lower alkoxy (e.g. benzyloxycarbonyl, phenethyloxycarbonyl, p-nitrobenzyloxycartK>- 
nyl, p-methoxybenzyloxycarbonyl, etc.): 

lower atkylsulfonyt (e.g. methylsulfonyl, ethylsulfonyl. propylsulfonyl, isopropylsulfonyl, pentylsulfonyl. butylsulfonyt, 
etc.): 
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arylsulfonyl (e.g. phenylsultony!, naphthylsulfcxiyi, etc) which may have one or more (preferably 1-3) suitable sub- 
stituent(s) such as said lower alkyi. said higher alkoxy, and the like; 

ar{lower)alkylsutfonyl ( .g. beruylsultonyl. phenethylsuHonyi. benzhydrylsuHonyl, etc.). for example phenyl 
(lower)alkylsulfonyl; and 

aroyi (e.g. benzoyl, naphthoyl. anthrylcarbonyl, etc.) which may have one or more (preferably 1 -5) suitable subslit- 
uent(s) such as said halogen; tower alkyI (e.g. methyl, ethyl, propyl, butyl, tert-butyl. pentyl. hexyl, etc.); said higher 
alkyl; lower alkoxy (e.g. nnethoxy. ethoxy, propoxy, butoxy, tert-butoxy, pentytoxy, hexyloxy, etc.) which may have one 
or more (preferably 1-10) suitable substituent(s) such as said lower alkoxy, said halogen, said aryl, and the like; 
higher alkoxy {e.g. heptyloxy. octyloxy, 2-ethylhexyloxy, nonyloxy. decyloxy, 3,7-dimethyloctyloxy, undecytoxy, 
dodecyloxy. tridecyloxy, tetradecyloxy, pentadecyloxy, 3-methyl-10-ethyldodecyloxy, hexadecylcxy. heptadecytoxy, 
octadecyloxy. nonadecyloxy, eicosyloxy, etc.) which may have one or more (preferably 1 -1 7) suitable substitLient(s) 
such as said halogen, and the like; higher alkenylcxy (e.g. 3-heptenylaxy. 7-octenyloxy. 2,6-octadienylcxy. 5-none- 
nyloxy. 1 -decenyloxy. 3,7-dim^hyl-6-octenyloxy, 3,7-dimethyl-2,6-octadienyloxy, 8-undecenyIoxy, 3,6,8-dodeca- 
trienyloxy, 5-tridecenyloxy, 7-tetradecenyloxy, 1 .8-penladecadienyioxy, 15-hexadecenyloxy, 11-heptadecenyloxy, 7- 
octadecenyloxy, 10-nonadecenylaxy, 18-eicosenyloxy, etc.); caitJoxy; said aryl which nnay have one or more (pref- 
erably 1-3) suitable substituent(s) such as said higher alkoxy and the like: and aryloxy (e.g. phenoxy, naphthyloxy. 
anthrylcxy, etc.) which may have one or more (preferably 1 -3) suitable substituent(s) such as sakJ lower alkoxy and 
said higher alkoxy. 

Among the above examples of "acyl", higher alkanoyi group is preferred and palmitoyi is particularly prefenred. 

The preferred "acyt" moiety in the term of "acyloxy" can be referred to aforementioned "acyl" group. 

The preferred "acyloxy" group ir»cludes lower alkanoyloxy (e.g. formyloxy. acetyloxy, propionyloxy, butyrylaxy, Iso- 
butyryloxy, valeryloxy, hexanoyloxy, ph/aloyloxy, etc.) or phosphonoxy. 

The novel cyclic lipopeptide acyiase of the invention can be produced by growing an acylase-producing strain of 
microorganism belonging to the genus Streptomvces. such as Streotomvces anulatus No. 4811 (PERM BP-5808), 
<^treptomvce5 anulatus No. 8703 (PERM BP-5810), or Streptomvces sp. No. 6907 {FEHM BP-5809), in a culture 
medium. 

Generally, this novel acyiase can be produced by growing said novel acylase-producing strain of miaoorganism in 
an aqueous medium containing assimilable carbon and digestable nitrogen sources preferably under aerobic condi- 
tions, for exanple by shake culture and submerged culture. 

The preferred cartx)n source for the medium includes various carbohydrates such as glucose, xylose, galactose, 
glycerin, starch, dextrin, and the like. As other carbon sources, maltose, rhanrviose, raffinose, arabinose, mannose, sai- 
icin, sodium succinate, and the like can be mentioned. 

The preferred nitrogen source includes yeast extract, peptone, gluten meal, cottonseed flour, soybean flour, com 
steep liquor, dried yeast, wheat germs, down meal, peanut flour, and the like, as well as inorganic or organic nitroge- 
nous compounds such as ammonium salts, (e.g. ammonium nitrate, ammonium sulfate, amnwnium phosphate, etc.), 
urea, and amino acids. 

While those-cait)on and nitrogen sources are used preferably in suitable combinatkMis, even materials of low purity 
can be used provided that they contain suitable amounts of growth factors and reasonable amounts of inorganic nutri- 
ents and it is not always necessary to use them in the pure form. Optionally, the medium may be supplemented with 
sodium carbonate or potassium cart>onate, sodium phosphate or potassium phosphate, sodium chloride or potassium 
chloride, sodium iodide or potassium iodide, and inorganic salts such as magnesium salts, copper salts and cobalt 
salts. Particulariy. when the culture medium produces a copious foam, a deforming agent such as liquid paraffin, fatty 
oil, vegetable oil, mineral oil, and silicone may be added as necessary. 

For the mass production of the novel acyiase, the submerged aerobic cultural method is preferred. For minor-scale 
production, shake culture or surface cuhure is carried out in a flask or bottle. For large-capacity tank culture, the fermen- 
tation tank is preferably inoculated with a seed culture for avoiding a delay in growth in the production line for the novel 
acyiase. Thus, preferably a comparatively small amount of culture medium is first inoculated vrith the spores or myc- 
elium of the strain and incubated to prepare a seed culture which is then aseptically transferred to a large-capacity fer- 
mentation tank. The medium for ttnis seed culture may be substantially the same as production medium for the novel 
acyiase or different from the production medium. 

The agitation and aeration of the fermentation system can be carried out in various ways. For example, the agitation 
can be effected by using a propeller or other similar stin'ing device, rotating or shaking the fermentator, by means of a 
pump of choice, or passing sterile air through the medium. The aeration can be achieved by blowing sterile air into the 
fermentation system. 

The fermentation is carried out generally vwthin the temperature range of about 20-32*C, preferably 25-30'C, and 
the pH range of 6-8 for about 50-150 hours. Those conditions may be nxxlified according to other cultural conditions 
and fermentation scale. 
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The novel acyias thus prcxiuced can be recovered from the fermentation broth by techniques which are routinely 
used for recovery of other known bioactive substances. The novel acylase elaborated is found in both the grown myc- 
elium and the filtrate. Therefor . the novel acylase can be separated from the mycelial cake and filtrate availaW i^n 
filtration or centrifugati n of the broth and purified by the conventional methods such as concentration under reduced 
pressure, freeze-drying. xtraction with the comnwn solvent pH adjustment, treatment with a conventional resin, {e.g. 
anion exchange resin, cation exchange resin, nonionic adsorbent resin, etc.), treatment with an ordinary adsoitent 
such as active charcoal, silicic add. silica gel, cellulose, alumina, crystallization, and recrystallization. 

The following examples illustrate the acylase produced by Streptomvces aniilatl^S No. 481 1 , Strgptpmyg^g anylg- 
iys No. 8703, or Rt^f> ptomvces sp. No. 6907 in further detail and should by no means be construed as defining the 
scope of the invention. 

Example 1-1 

Production of the acylase of the Streptomyces anulatus No. 4811 origin 

A conical flask of 1 00-ml capacity was charged with 30 ml of a seed culture medium containing 1 % of corn starch, 
1% of glucose. 0.5% of peanut ftour. 0.5% of soybean flour. 0.5% of dried yeasl, and 0.2% of calcium carttonate and 
sterilized at 120*0 for 20 minutes. The sterilized flask was then inoculated with 1 -2 loopful(s) of a slant agar culture of 
Streptomvces anulatus No. 48 11 and incubated under shaking at 30*C for 3 days to provide a seed culture. 

h^eanwhile, a production mecf um containing 4% of sucrose, 1% of peanut flour. 1% of dried yeast. 0.05% of potas- 
sium dihydroge'n phosphate. 0.12% of dipotassium hydrogen phosphate, and 0.025% of magnesium sulfate THaO was 
adjusted to pH 6.5 and a conical flask of 500-ml capacity was filled with 1 00 ml of the production medium and sterilized 
at 120*>C for 20 minutes. The sterilized flask was inoculated with 2 ml of the above seed culture and incubated under 
shaking at 30*C for 3 days to provide a fermentation broth. 

Example 1-2 

Production of the acylase of the Streptomyces anulatus No. 8703 origin 

A conical flask of 1 00-ml capacity was charged with 30 ml of a seed culture medium containing 1% of corn starch. 
1% of glucose. 0.5% of peanut flour, 0.5% of soybean flour, 0.5% of dried yeast, and 0.2% of calcium carbonate arxJ 
sterilized at 1 20'C for 20 minutes. The sterilized flask was then inoculated with 1 -2 kx)pful(s) of a slant agar culture of 
Rtreptomvces anulatus No. 8703 and incubated under shaking at 30"C for 3 days to provide a seed culture. 

Meanwhile, a production medum containing 4% of sucrose. 1% of peanut flour, 1% of dried yeast, 0.05% of potas- 
sium dihydrogen phosphate. 0.12% of dipotassium hydrogen phosphate, and 0.025% of magnesium sulfate 7H2O was 
adjusted to pH 6.5 and a conical flask of 500-ml capacity was filled with 1 00 ml of the production medium and sterilized 
at 120*0 for 20 minutes. The sterilized flask was inoculated with 2 ml of the above seed culture and incubated under 
shaking at 30*0 for 3 days to provide a fermentation broth. 

Example 1-3 

Production of the acylase of the Streptomvces sp. No. 6907 origin 

A conical flask of 1 00-ml capacity was charged with 30 ml of a seed medium containing 6% of soluble starch. 4% 
of defatted soybean meal, and 0.5% of calcium carbonate and sterilized at 120''C for 20 minutes. The sterilized flask 
was then inoculated with 1 -2 loopf ul(s) of a slant agar culture of Streptomvces sp. No. 6907 and incubated under shak- 
ing at SO^C for 3 days to provide a seed culture. 

Meanwhile, a production medium containing 4% of sucrose, 1% of peanut ftour. 1 % of dried yeast, and 0.5% of cal- 
cium carbonate was adjusted to pH 6.5 and a conical flask of 500-ml capacity was charged with 100 ml of the produc- 
tion medium and sterilized at 120*C for 20 minutes. The sterilized flask was inoculated with 2 ml of the above seed 
culture and incubated under shaking at 30*C for 4 days to provide a fermentation broth. 

Example 1-4 

Production of the acylase of the allotted Streptomvces origin 

Using the following Streptomvces strain allotted from Institute for Fermentation. Osaka (IFO. 2-17-85. Juso Hom- 
machi. Yodogawa-ku. Osaka-shi), the cultivation procedure of Example 1-1 for Streptomvces anulatWS No. 4811 was 
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otherwise repeated to provide a fermentation broth. 
StreESomycesgnseyssubsp. griseus IFO 13189 

The method of deacylating the acyi side chain of the antifungal cyclic lipopeptide compound (e.g. FR901379 or Hs 
analog) with the novel cyclic lipopeptide acylase of the invention is now described In detail. 
The deacylation method of the invention can be carried out in the following manner. 

A suitable production medium is inoculated with a strain of microorganism belonging to the genus Strgptorpyggs 
and capable of producing the novel acylase and the inoculated medium was incubated at about 25~35'C for a few days 
to provide a fermentation broth, "mis fermentation broth is added to the sitostrate cyclic lipopeptide compound, such as 
Substance FR901379. and the mixture is inciA)ated at 45-60»C and pH about 6.0-^9. Then, the cyclic peptide such as 
Substance FR1 79642 is detected and separated by high-performance liquid chromatography(HPLC). 

The following examples are intended to illustrate the deacylation method of the Invention in detail and should by no 
means be construed as defining the scope of the Invention. 



Example 2-1 

To 700 ul of the fermentation broth of Rtr^ptnmvces anulatus No. 481 1 obtained in Example 1-1 was added ICQ ]i\ 
of an aqueous solution of SUbstance FR901379 (1 00 mg/ml) (10 mg as Substance FR901379: 8.35 (imol) together with 
100 al of methanol and 100 ^l of buffer (0.5 M potassium dihydrogen phosphate-disodium hydrogen phosphate buffer: 
pH 6 0) and the reaction was carried out at SO^C for 30 minutes. The reaction was then stopped with 1 ml of 4% acetic 
acid and following addition of 2 m! of methanol, the mixture was filtered through a membrane filter (0.45 jxm) to remove 
the macromolecular protein and other fraction and subjected to HPLC and the acylase activity of the skeletal substance 
F R 1 79642 produced was monitored and assayed at 2 1 0 nm. 

Using a variable wavelength UV detector (Shimadzu SPD-10A). a pump (Shimadzu LC-10AD) and an integrator 
(Shimadzu C-R6A) as the instrumentation. UChrospher 100RP-18(e) {250 mm x 4 mm i.d.. particle diameter 5 
um(E Merck)) as the stationary phase, and 3% acetonitrile/0.5% ammonium dihydrogen phosphate as the mobile 
phase Substance FR1 79642 was eluted at a flow rale of 1 ml/min. The retention time of Substance FR179642 was 
about 6 3 minutes. The yield of Substance FR1 79642 as calculated from HPLC data was 730 >ig (0.78 |imol). 



Example 2-2 

To 700 ]i\ of the fermentation broth of Streotomvces anulatus No. 8703 obtained in Example 1 -2 was added 100 \i\ 
of an aqueous solution of SLA)stance FR901379 (100 mg/ml) (10 mg as Substance FR901379: 8.35 jimol) together with 
100 \x\ of methanol and 100 \i\ of buffer (0.5 M potassium dihydrogen phosphate-disodium hydrogen phosphate buffer; 
pH 6 0) and the reaction was carried out at SO'^C for 30 minutes. The reaction was then stopped writh 1 ml of 4% acetic 
acid and following addition of 2 ml of methanol, the mixture was filtered through a membrane fitter (0.45 jim) to remove 
the macromolecolar protein and other fraction and subjected to HPLC and the acylase activity of the skeletal substance 
FR1 79642 procJuced was monitored arxJ assayed at 210 nm. 

Using a variable wavelength UV detector (Shimadzu SPD-10A). a pump (Shimadzu LC-10AD) and an integrator 
(Shimadzu C-R6A) as the instrumentation, UChrospher 100RP-18(e) (250 mm x 4 mm i.d.. particle diameter 5 
am(E Merck)) as the stationary phase, and 3% acetonitrileyo.5% ammonium dihydrogen phosphate as the mobile 
phase Substance FR179642 was eluted at a flow rate of 1 ml/min. The retention time of Substance FR179642 was 
about 6 3 minutes. The yield of Substance FR179642 as calculated from HPLC data was 830 ^g (0.89 fimol). 



Example 2-3 

To 700 jil of the fermentation broth of Streotomvces sp. No. 6907 obtained in Example 1 -3 was added 1 00 p-l of an 
aqueous solution of Substance FR901379 (100 mg/ml) (10 mg as Substance FR901379: 8.35 jimol) together wtth 100 
ul of methanol and 100 ]i\ of buffer (0.5 M potassium dihydrogen phosphate-disodium hydrogen phosphate buHer; pH 
6 0) and the reaction was carried out at SO-'C for 30 minutes. Tlie reaction wras then stopped wHh 4% acetic aad and 
following addition of 2 ml of methanol, the mixture was filtered through a membrane filter (0.45 ]iJn) to remove the mac- 
romolecular protein and other fraction and subjected to HPLC and the acylase activity of the skeletal substance 
FR1 79642 produced was monitored and assayed at 210 nm. 

Using a variable wavelength UV detector (Shimadzu SPD-10A). a pump (Shimadzu LC-10AD) and an integrator 
(Shimadzu C-R6A) as the instrumentation. UChrospher 100RP-18(e) (250 mm x 4 mm i.d.. particle diameter 5 
um(E Merck)) as the stationary phase, and 3% acetonitrite/0.5% ammonium dihydrogen phosphate as the mobile 
phase Substance FR179642 was eluted at a flow rate of 1 ml/min. The retention time of Substance FR179642 was 
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about 6.3 minutes. Th yield of Substance FR1 79642 as calculated from HPLC data was 560 jig (0.60 jtmol). Th Km 
value determined by th Lineweaver-Burk method was 257 jiM and Vmax was 14.3 U/mg-protetn. 

Example 2-4 

To 100 ^1 Of the fermentation broth of Streotomvces sp. No. 6907 obtained in Example 1-3 was added 100 jil fa 
dimethyl sulfoxide solution of Aculeacin A (100 mg/ml) {10 mg as Aculeadn A; 9.65 jimol) together with 500 jil of 1 .2 M 
KCl-containing 500 mM potassium dihydrogen phosphateKlisodium hydrogen phosphate buffer (pH 7.0) and 300 ^1 of 
water, and the reaction was carried out at 40*C for 15 minutes. The reaction was then stopped with 1 ml of 4% acetic 
acid and following addition of 2 ml of methanol, the mixture was filtered through a membrane filter (0.45 ^m) to remove 
the macromolecular protein and other fraction and subjected to HPLC and the acylase activity of the nuclear siijstance 
Aculeacin A produced was monitored at 210 nm and determined. Using a variable wavelength UV detector (Shimadzu 
SPD-10A). a pump (Shimadzu LC-10AD) and an integrator (Shimadzu C-R6A) as the instrumentation. UChrospher 
100RP-18(e) (250 mm X 4 mm i.d., particle diameter 5 jim (E.Merck)) as the stationary phase, and 4% acetonitrile/l% 
ammonium dihydrogen phosphate as the mobile phase, nuclear substance Aculeacin A was eluted at a flow rate of 1 
ml/min. The retention time of nuclear substance Aculeacin A was about 8.7 minutes. The yield of nuclear substance 
Aculeacin A as calculated from HPLC data was 370 jig (0.47 fimol). The Km value determined by the Uneweaver-Burk 
method was 279 \iM and Vmax was 16.8 U/mg-protein. 

Example 2-5 

To 100 jil of the fermentation broth of Streptomvces sp. No. 6907 obtained in Example 1-3 was added 100 jil of a 
dimethyl sulfoxide solution of Echinocandin B (100 mg/ml) (10 mg as Echinocandin B; 9.43 fimol) together with 500 \i\ 
of 1 .2 ?y4 KCI-containing 500 mM potassium dihydrogen phosphate-disodium hydrogen phosphate buffer (pH 7.0) and 
300 Hi of water, and the reaction was canied out at 40**C for 1 5 minutes. The reaction was then stopped with 1 ml of 4% 
acetic acid and following addition of 2 ml of methanol, the mixture was filtered through a menrtorane filter (0.45 fim) to 
remove the macromolecular protein and other fraction and subjected to HPLC and the acylase activity of the nuclear 
substance Echinocandin B produced was monitored and assayed at 210 nm. Using a variable wavelength UV detector 
(Shimadzu SPD-10A), a pump (Shimadzu LC-10AD) and an integrator (Shimadzu C-R6A) as the instrumentation. 
UChrospher 100RP-18(e) (250 mm x 4 mm i.d.. particle diameter 5 jim (E.Merck)) as the stationary phase, and 4% 
acetonilrile/1% amnxnium dihydrogen phosphate as the nrobile phase, nuclear substance Echinocandin B was eluted 
at a flow rate of 1 ml/min. The retention time of nuclear substance Echinocandin B was about 8.7 minutes. The yield of 
nuclear substance Echinocandin B as calculated from HPLC data was 90 ^g (0.1 1 jrniol). The Km value determined by 
the Lineweaver-Burk method was 146 jiM and Vmax was 7.85 U/mg-protein. 

The following characterizes the process of deacylation of the acyl side chain of an antifungal cyclic lipopeptide com- 
pound (e.g. Substance FR901379) by the acylase derived from the novel acylase-producing strain of microorganism 
belonging to the genus Streotomvces in accordance with the present invention. 

The data,5hown were generated by the experimental method described in Example 2-1. Exanple 2-2. or Exanple 
2-3 but varying the kind of buffer (0.5 M sodium citrate buffer. 0.5 M potassium dihydrogen phosphate-disodium hydro- 
gen phosphate buffer, and Tris-HCI buffer were used in various combinations), reaction temperature, and addition level 
of methanol. Each acylase activity is shown in the concentration (measured by HPLC) of Substance FR1 79542 at com- 
pletion of the reaction. 

Optimal reaction pH 

Test 1-1 

Optimal pH for the acylase produced by Streotomvces anulatus No. 4811 



pH 


Concentration of Sub- 
stance FR1 79642 at com- 
pletion of reaction (ng/ml) 


3 


0 


4 


90 
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(continued) 



pH 


Concentration of Sub- 
stance FR1 79642 at com- 
ptetion of reaction Qtg/ml) 


5 


440 


6 


630 


6.5 


710 


7 


770 


8 


810 


9 


740 



15 

Test 1-2 

Optimal pH for the acylase produced by 
20 Streptomvces anulatus No. 8703 



pH 


Concentration of Sub- 
stance FR179642 at com- 
pletion of reaction Oig/ml) 


3 


0 


4 


240 


5 


590 


6 


810 


7 


1.070 


8 


1.300 


9 


1,270 



Test 1-3 

40 

Optimal pH for the acylase produced by Streptomvces sp. No. 6907 



pH 


Concentration of Sub- 
stance FR1 79642 at com- 
pletion of reaction Qiig/mi) 


3 


0 


4 


190 


5 


280 


6 


300 


7 


470 


8 


800 


9 


1.000 
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The abON^e results indicate that, in the working of the invention with any of the above acylases. the r action pro- 
ceeds at and over weak acidity (pH about 4) and that the reaction rate is increased as the pH is enhanced. 



Optinnal reaction lemperature 

5 

Test 2-1 

Optimal temperature for the acylase produced by Streotomvces anulatus No. 4811 



Temperature 


Concentration of Sub- 
stance FR1 79642 at com- 
pletion of reaction (jig/ml) 


25 


360 


30 


630 


40 


1.490 


50 


3.120 


60 


1,110 


70 


60 



25 

Test 2-2 

Optimal temperature for the acytase produced by Streptomyces anulatus No. 8703 



Temperature 


Concentration of Sub- 
stance FR1 79642 at com- 
pletion of reaction (pg/ml) 


25 


410 


30 


770 


40 


1.760 


50 


3.160 


60 


2.110 


70 


120 



45 

Test 2-3 

Optimal temperature for the acytase produced by Streptomvces sp. No. 6907 

50 



Temperature 


Concentration of Sub- 
stance FR1 79642 at com- 
pletion of reaction (ng/ml) 


25 


600 


30 


710 
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(continued) 



Temperature 


Concentration of Sub- 
stance FR1 79642 at com- 
pletion of reaction (^g/ml) 


40 


3.010 


50 


4.620 


60 


1,660 


70 


130 



The above results indicate that in the working of the Invention with any of the above ac/lases, the optimal reaction 
temperature is 40-60*'C. 

IS 

Effect of methanol added to the reaction system 
Test Example 3-1 

20 TTie effect of methanol on the reaction using ttie acylase produced by Streptomyces anulatus No. 481 1 



CofKentration of metha- 
nol (%) 


Concentration of Sub- 
stance FR1 79642 at com- 
pletion of reaction (^g/ml) 


0 


390 


5 


570 


10 


630 


15 


590 


20 


550 


30 


390 


40 


130 


50 


10 



40 

Test 3-2 



The effect of methanol on the reaction using the acylase produced by Streptomvces anuiatus No. 8703 



45 



Concentration of metha- 
nol (%) 


Concentration of Sub- 
stance FR179642 at com- 
pletion of reaction (^g/m]] 


0 


320 


5 


580 


10 


770 


15 


750 


20 


660 


30 


360 
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(continued) 



Concentration of metha- 
nol (%) 


Concentration of Sub- 
stance FR179642 at com- 
pletion of reaction (fig/ml) 


40 


140 


50 


50 



,0 Test 3-3 

The effect of methanol on the reaction using the acylase produced by Streptomyces sp. No. 6907 



Concentration of metha- 
nol (%) 


Concentration of Sub- 
stance FR 179642 at com- 
pletion of reaction (^g/ml) 


0 


330 


5 


580 


10 


710 


15 


630 


20 


530 


30 


140 


40 


130 


50 


90 



The above resurts indicate that in the working of the invention with any of the above acylases. the activity is 
increased 1 .6-fold through 2.2-fold in the presence of 5-20% of methanol. 
35 The cyclic lipopeptide acylase obtained by growing an acylase-producing strain of microorganism of the genus 
Streptomvces is now described in detail. 

- Characteristics of the acylase produced by Streptomvces sp. 6907 

40 1) Activity: 

This enzyme catalyzes the deacylation of the lipid acyi moiety of the cyclic lipopeptide compound represented 
by Substance FR901379 and FR901379 analogs such as Echinocandin B and Aculeacin A. 

2) Optimal pH: pH 8-9 

3) Optimal temperature for activrty; about 50*'C 

45 4) Inhibition, activation, and stabilization: Methanol: The enzyme is activated concentration-dependentiy up to 1 0% 
in the reaction mixture and is inhtoited at higher concentrations. 

5) Molecular weight: 

SDS-PAGE of the purified enzyn^e gave two bands. 

50 Large peptide: 61 kD 
Small peptide: 19 kD 

6) Crystal structure: 

The purified protein was small in amount and not crystalline. 
55 7) Amino acid analysis: 

N-terminal amino acid sequences 
Large peptide: 
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ser-Asn-Ala -Val -Ala-Phc-Asp-Gly-Ser-Thr-Thr- 
Val-Asn-Gly-Arg-Gly-L u-Leu-Leu-Gly-.« 

Small peptide: 

Gly-Ser-Gly-Leu-Ser-Ala-Val-Ile-Arg-Tyr-Thr- 
Glu-Tyr-Gly- He -Pro-Hi s -His "Val-Ala-... 



8) Substrate specificity: 

The enzyme acts as a catalyst for FR901379. Echinocandin B and Aculeacin A. However, it does not act upon 
FR901469. 

The following examples Illustrate the acylase of the invention in further detail but should by no means be construed 
as defining the scope of the invention. Purification of the acylase: 

Example 3 

The fermentation broth of Streotonrwces sp. No. 6907 obtained In Example 1-3 was extracted with 1.5 M KCI under 
stirring at a low temperature and the fittrate separated with No. 2 filter paper was desalted with an UF membrane (Asahi 
Chemical Industries: AlP-1010) [20 mM Tris-HC! buffer (pH 9) substituted] and passed through an HP-20 column. The 
effluent was applied to a DEAE-Toyopearl column (CI*-form) and elution was carried out with 0.3 M NaC!-supplemented 
20 mM Tris-HCI buffer (pH 9). In the resulting active fraction, a 0.5 equivalent of {NH4)2S04 was dissolved, and the 
solution was applied to a phenyl-Toyopearl column, elution being then carried out with 0.1 M NaCI-supptemented 50 
mM Tris-HCI txjffer (pH 8). TTie resulting active fraction was desalted and concentrated with a DF membrane (Asahi 
Chemical Industries; SIP-C0 1 3) [20 mM Tris-HCI buffer (pH 9) substituted] and subjected to gel permeation chromatog- 
raphy on a YMC-Diol column (mobile phase: 0,2 M NaCI-0.1 M potassium dihydrogen phosphate<lisodium hydrogen 
phosphate buffer pH 7.0). The active fraction was further purified by preparative chromatography on a reversed phase 
Cosmosil 5C4-AR-300 column [mobile phase: (A solution) 0.5% trifluoroacetic acid, (B solution) 0.5% trifluoroacetic 
acid-80% acetonitrile. A: 6=60:40^40:60 (linear gradient)].whereby two bands were obtained. The thus-purified acy- 
lase was subjected to SDS-PAGE In this manner, two different peptides having molecular masses of 61 kD and 19 kD. 
respectively, we^e provided. 

Substrate specificity: 

Substance FR901469 is a known substance (described in WO 92/19648) having antifungal activity as produced by 
the fungal strain No. 1 1243 (PERM BP-3373). It is a compound of the following chemical formula [111]: 
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[III] 



The AfttinoDlanes utahensis -derived acylase (described in Japanese Kokai Tokkyo Kbho H4-228072), which has 
deacylation activity as does the novel acylase according to the present invention, exerts a catalytic action on said SiA>- 
stance FR901469 and its saK to produce Substance FR181 131 (described in WO 96/30399) of the following chemical 
30 fornnula [iV]: 
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[IV] 
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In 



contrast, the novel acylase of the present invention exerts no catalytic action on said Substance FR901469 and 
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its salt 

Exarrples of the invention are presented below. 



Example 4-1 

^ To 20 ml of a fermentation broth of Actinoolanes utahensis IF013244 as prepared by the procedure described in J. 
Antibiotics. Vol. 41. p 1085-1092 fSS) was added 1 ml of an aqueous solution of Substance FR901469 (200 mg/ml) 
{0 2 g as Substance FR901 469: 130 ^mol) together with 2.9 g of disodium hydrogen phosphate and 60 ml of water, and 
the reaction was carried out at 60»C for 24 hours. After completion o1 the reaction, the reaction mixture was filtered 

10 through a membrane filter (0.45 m) to remove the high molecular protein and other fraction and purified by HPLC 
under monitoring for Substance FR181 131 at 210 nm and the acylase activity was determined. Using a vanable wave- 
length UV detector (Shimadzu SPO-10A). a pump (Shimadzu LC-10AD) and an integrator (Shimadzu C-R6A) as the 
instrumentation, YMC AM303 (250 mm x 4 mm i.d.. particle diameter 5 fun) as the stationary phase, and 12.5% ace- 
tonitrile/0.5% ammonium dihydrogen phosphate as the mobile phase. Substance FR181 131 was eluted at a flow rate 

IS of 1 ml/min. The retention time of Substance FR181131 was about 7.3 minutes. The yield of Substance FR181131 as 
calculated from HPLC data was 80 mg (68 jimol). 
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Example 4-2 

To 20 ml of the fermentation broth of Streptomvces sp No. 6907 obtained in Example 1-3 was added 1 ml of an 
aqueous solution of Substance FR901469 (200 mg/ml) (0.2 g as Substance FR901469; 130 fimol) together with 2.9 g 
of disodium hydrogen phosphate and 60 ml of water, and the reaction was carried out at 60'C for 24 hours. After conv 
pletion of the reaction, the reaction mixture was filtered through a membrane filter (0.45 nm) to remove the high molec- 
ular protein and other fraction and purified by HPLC under monitoring for Substance FR181131 at 210 nm and the 
acylase activity was determined. Using a variable wavelength UV detector (Shimadzu SPD-10A), a pump (Shimadzu 
LC-10AD) and an integrator (Shimadzu C-R6A) as the instrumentation. YMC AM303 (250 mm x 4 mm i.d.. particle 
diameter 5 ^im) as the stationary phase, and 12.5% acetonitrile/0.5% ammonium dihydrogen phosphate as the mobile 
phase Substance FR181131 was ehjted at a flow rate of 1 ml/min. The retention time of Substance FR181131 was 
about 7.3 minutes. The yield of Substance FR181131 as calculated from HPLC data was not over 2 mg (1.7 nmd) 
30 (below detection limit). . 

ColeoDhoma sp. F-11899. which produces Substance FR901379, and Streptomyces anul^tus No 4811. Strepto- 
n^yces anulatus No 8703. and Streotomvces sp. No. 6907. all of which produce the acylase of the invention, have all 
been deposited with National Institute of Bioscience and Human Technology (NIBH. 1-3, Higashi 1-chome. Tsukuba- 
shi. Ibaraki, Japan). 

35 



Microorganism 


Accession No. 


Coleoohoma so. F-11899 
Streotomvces anulatus No. 4811 
Streptomvces anulatus No 8703 
Streotomvces so. No 6907 
Strain No. 11243 


PERM BP-2635 
PERM BP-5808 
PERM BP-5810 
PERM BP-5809 
PERM BP-3373 



Claims 

1 . A cyclic lipopeptide acylase obtained from a strain of microorganism belonging to the genus Streptomyces . 

2. The acylase according to Claim 1 which catalyzes deacylation of the acyl group R^ of a cyclic lipopeptide conv 
pound of the following general fonnula [I] or a salt thereof: 
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[I] 



[wherein is acyl; 

P? is hydroxy or acyloxy; 

is hydrogen or hydroxy; 
R^ is hydrogen or hydroxy; 
R^ is hydrogen or hydroxysulfonyloxy; and 
R^ is hydrogen or carbamoyl.] 

to produce a cyclic peptide compound of the following general fornula (10 or a salt thereof 



25 



EP0 885 957A1 



5 



10 



15 



20 




[III 

25 

[wherein R^, R^. R^, R^. and are as defined above.] 

3. The acyiase according to Claim 2, wherein 

30 

rS is hydroxysulfonyloxy and 
R^ ts carbamoyl. 

4. The acyiase according to Claim 1 . wherein the acylase-produdng strain of microorganism is a strain of Streptomy- 

35 anulatus . 

5. The acyiase according to Claim 1 , wherein the acylase-producing strain oi microorganism is gtrgplpmyg^g mMz 
lus No, 48rr. 

40 6. The acyiase according to Claim l . wherein the acylase-producing strain of microorganism is StrgptpnTyces aoulai 
tus No. 8703. 

7, The acyiase according to Claim 1 . wherein the acylase-producing strain of microorganism is gtr^ptomyggg sp. No. 
6907. 

45 

8. The acyiase according to Claim 1 , which has the following characteristics: 

1) Activity: 

This enzyme catalyzes the deacylation of the lipid acyi moiety of a cyclic lipopeptide compound repre- 
so sented by Substance FR901379 and FR901379 analogs such as Echinocandin B and Aculeadn A. 

2) Optimal pH: pH 8-9 

3) Optimal temperature for activity: about 50*C 

4) Inhibition, activation, and stabilization: Methanol: The enzyme is activated concentration-dependently up to 
10% in the reaction mixture arri is inhibited at higher concentrations. 

55 5) Molecular weight: 

Large peptide: 61 kD 
Small peptide: 19 kD 
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6) Amino acid analysis: 
N-termina! amino acid sequences 
Large peptide: 

Ser-As n-Ala-Val-Ala-Phe-Asp"Gly-Ser-Thr-Thr 



10 Va l-Asn-Gly-Arg-Gly-Leu-Leu-Leu-Gly-.- 

Sn^ll peptide: 

15 Giy-Ser-Gly-Leu-Ser-Aia-Val-Ile-Arg-Tyr-Thr- 
Glu-Tyr-Gly-Ile-Pro-His-His-Val-Ala--. 

20 

7) Substrate specificity: 

The enzyme acts as a catalyst for FR901379. Echinocandin B and Aculeacin A. However, it does not act 
upon FR901469. 

25 9. The acylase according to Claim 8. wherein the acyiase-producing strain of microorganism is Strgptgrnyg?? sp. Na 
6907. 

10. An acytase-producing strain of microorganism belonging to the genus Streptomyce? which produces the acylase 
of Claim 1 . 

30 

1 1 . An acyiase-producing strain of microorganism belonging to Streotomvces an^latus which produces the acylase of 
Claim 1. 

12. fitreptomvces amilalUS No. 4611. 

35 

13. Rtreotomvces anulMUS No. 8703. 

14. Streptomvces SP. 6907. 

40 1 5. A method of producing a cyclic peptide compound or a saK thereof which conprises contacting a cyclic lipopeptide 
compound or its salt with a cnjde or purified enzyme solution of an acylase produced by a microorganism belong- 
ing to the genus fitreotomvces to deacylate its lipid acyl moiety. 

16. A method of producing a cyclic peptide compound of the following general formula [IQ: 

45 
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r2 is hydroxy or acyloxy; 

is hydrogen or hydroxy; 
R"* is hydrogen or hydroxy; 

is hydrogen or hydroxysulfonyloxy; and 
5 R® is hydrogen or carbamoyl.] 

or a salt thereof, in an aqueous solvent with a crude or purified enzyme solution of an acylase obtained by cUturing 
an acylase-produdng strain of microorganism belonging to the genus Strgptgnriygg?. 

10 17. 17. The method according to Claim 16, wherein 

r5 is hydroxysulfonyloxy and 
R^ is carbamoyl. 

15 18. 18. The method according to Claim 15. wherein the acylase-producing strain of microorganism is a strain of St|^ 
lomvces anulatus. 

19. 19. The method according to Claim 15. wherein the acyiase-producing strain of microorganism is Strgpt<?mYggg 
anulatus No. 4811. 

20. 20. The method according to Claim 15. wherein the acylase-producing strain of microorganism is Streptomyces 
anulatus No. 8703. 

21 . 21 . The method according to Claim 15. wherein the acylase-producing strain of microorganism is Str^Ptpmyc^ sp. 
25 6907. 



30 



35 



40 



45 



50 



55 



29 



EP0 885 957A1 



IPirrERNATIONAL SEARCH REPORT 



Intcnutioiul appltcition No. 

PCT/JP97/00692 



A. ClASSIFICATION OF SUBJECT MATTER 
Int. Cl^ C12N9/80 

According to Interutional Patctt OauincaUon (IPQ or to both nitionil dassin cation and IPC 



FIELDS SEARCHED 



Mimsiam documentanoD aearchcd (cUnificattoo system followed by cUuUicaiioo lymboU) 
Int, Cl^ C12N9/80 

Docuraentidoo searcfaed other tiua ntoiiBtiiD documcntatioo lo ibe cxieot that such doatmetui are ioduded is the fleldi seardied 



EJectrooic dau base consulted dvi^ the uuemstioiul scarcb (lume of data base tad. where pracdcsUe; search teims laed) 

BIOSIS PREVIEWS 



C DOCUMENTS CONSIDERED TO BE RELEVA^f^ 



Category* 



QUtion of docQmeat, with iodicaiioo, where sppropriate, of Ibe relevant passages 



Relevant to claim No. 



JP, 4-228072, A (Eli Lilly and Co.), 

August 18, 1992 (18. 08. 92) 

& EP, 460882, A & CA, 2043762, A 

& HU, 61587, T & TW, 197471, A 

fit IL, 98349, A & DE, 69121018, Al 

& ES, 2089133, T3 & US, 5573936, A 

L.D. Boeck and R.W. Wetzel "A54145, A New 
Lipopeptide Antibiotic Complex: Factor Control 
Through Precursor Directed Biosynthesis" ' 
The Journal of Antibiotics, 1990, Vol, 43, 
No. 6, p. 607-615 

D.S. Fukuda et al. "A54145, A New Lipopeptide 
Antibiotic Complex: Microbial and Chemical 
Modification" The Journal of Antibiotics, 1990, 
Vol. 43, No, 6, p. 601-606 

L.D. Boeck et al. "Deacylation of A21978C, An 
Acidic Lipopeptide Antibiotic Complex, By 
Actinoplanes Utahensis" The Journal of 



1 - 21 



1 - 21 



1-21 



21 



[x1 Further docttments are listed iotMoontiouation of Box C Q See patent bmily 



" Special nicfpncB of cited docimw: 

"A" docsmcBi defiaiof ihe yueisl stue of Cbc an wblcb to sot ooasMctcd 
to be of pvtleslirrttawaaoB 

"E" eafUadoaiaitatbaipiibltsbadooeraffertheialcimaliooalfiliagdaic 

"L** docasaeBt wUeb nay tteew dosha m priotity clain(s) or wkkh to 

cited to cst^ttsb the MUicataM 4Mb of aaoiber diatiOB or other 

tpccul rcawa (as apectOed) 

docoaiest refeniag lo m enl dadonm. aoe. 



"V" docDBeotpibltohed prior to tboiBmaboDalfOfSK dale but later Ibao 
Ibe priority date ctaiBod 



*T* liter docMmcai pufattohed after the iB»crmaiio«al ffliog daioor priority 
dale sad Ml to coeOki with Ite spiibaiioo but dted lo •aAeattmd 
Ibe priadple or theory wdeilyug lbs isvolloa 

~X** docuttfit of pankslar adcmiafle; the datnd iavcBtioB caaaac he 
ooasideied eovet or essaat be coaiidercd to tovolvc as iBveatlve 
step wbcs the docuaei Is Bkkea atoae 

doenBaatofpaniaitorRkmBoe; Ibedaiaedtavoattoaouaolbe 
coaiidcftd lo tovolve as iavostive step whea ibc documeat to 
oovfaiBedwithotteoraoreQtheffsiicbdoanBCBU,si 
beiat obvioiM lo a ponoB akiUed in the art 

"k" docaseatmeabcf of tbeaamcpateBtiaatily 



Dale of the actual oompledon of the nnemaliooal search 
May 21, 1997 (21. 05, 97) 


Date of mailing of the ituerxatioiial search report 
June 3, 1997 (03. 06. 97) 


Name sod mailing address of the ISA/ 

Japanese Patent Office 
Ficsiroile No. 


Autborized oflicer 
Telephone No. 



Fonu PCr/ISA/210 (second sheet) (July 1992) 



30 



EP0 885 957A1 



I^mE:RNATIONAL SEARCH REPORT 


iDtenutional application Na 

PCT/JP97/00692 


C (ContinuatioD). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of docuaieat, with imficilion. wfaere ■pprapriate. of the relevant penagea 


Relevant to dain Na 


A 
A 

"» 


Antibiotics, 1988, Vol. 41, No. 8, p. 1085-1092 

Manuel Debono et al, "Enzymatic and Cheinical 
Modification of Lipopeptide Antibiotic A21978C: 
The Synthesis and Evaluation of Daptomycin" 
The Journal of Antibiotics, 1988, Vol. 41, No. 8^ 
p. 1093-1105 

Junji Inokoshi et al. "Cloning and sequencing of 
the aculeacin A acylase-encodlng gene from 
Actinoplanes utahens'is and expression in 
Streptorayces lividans" Gene, 1992, Vol. 119, 
No. 1, p. 29-35 


1-21 
10 - 14 



Form PCr/ISA/210 (contiDUitioa of aeoood sheet) (iuly 1992) 



31 



